T h e aim of this work was to find out how the sugars in the endosperm of oilseed rape contribute to the flux of oil synthesis. While the hexose content of the liquid endosperm decreased during development the sucrose content increased. It is important to understand the relative rates of use of the endosperm sugars for two reasons. Firstly we need to know which sugars are used, and at what stages in development, in order to understand the roles of enzymes involved in their metabolism. Secondly, changes in sugar concentration have been implicated in the regulation of expression of genes determining storage-product synthesis [see Weber, Borisjuk and Wobus (1997) Trends Plant Sci. 2, 169-174, for review]. T h e rate of consumption of sugar is one factor governing its concentration. We present data showing both the concentration-dependence of conversion of sugar to oil, and the in vivo concentrations of sugars; we relate these data sets to each other and discuss the effects of the intracellular pool of sucrose. Glucose, fructose and sucrose are all substrates for oil synthesis, but the rates of their use (particularly sucrose) are underestimated because of dilution by sucrose from the intracellular pool.
Introduction
T h e aim of this work was to find out how the sugars in the endosperm of oilseed rape contribute to the flux of oil synthesis. There were two reasons for doing this. First, if we are to understand the regulation of carbon flow into the embryo (to support the synthesis of storage products) we must first know the route by which it flows. Second, the concentrations of sugars in the endosperm have been implicated in controlling expression of genes that determine storage-product synthesis (see [ 13 for review). A change in endosperm sugars from mostly hexose to mostly sucrose induces a switch to storage-product accumulation. T h e balance of release of sugars from the maternal tissue and consumption of sugars by the embryo determines the concentrations of sugars present in the liquid endosperm, which in turn determines gene expression. T h e rate of conversion of sugar to storage oil could therefore play a role in the control of oil synthesis at the level of gene induction. Our approach is to measure (i) the sugars present in the endosperm in vivo and, in parallel, (ii) the rates of conversion of sugars to oil as a function of the concentration of sugar.
Experimental

Determination of sugars in liquid endosperm
Endosperm was sampled with a hypodermic needle within 3 min of removing the silique from the plant, and extracted with perchloric acid [2] . Sugars were assayed according to [3] .
Determination of flux from sugar to oil
Ten embryos were incubated in 6Opl of wellaerated tissue culture medium based on Nitsch and Nitsch medium [4] containing 0.33 M sorbitol and radiolabelled sugar (up to 32 mM) at p H 6.0 (approximating the pH of liquid endosperm measured in vivo). Incubations were halted by rinsing in fresh medium and freezing in liquid nitrogen, and embryos were then extracted either for total saponified lipid [S] or for water-soluble metabolites using trichloroacetic acid [3] . Glucose 6-phosphate (Glc-6-P) was assayed spectrophotometrically [3] and the amount of radiolabel in Glc-6-P was determined from changes in its elution from Dowex 1 (Cl-form) by 8 0 m M succinate following treatment with Glc-6-P dehydrogenase. T h e validity of this method was routinely confirmed using samples spiked with commercial ['4C]Glc-6-P.
Results and discussion
Sugars in the liquid endosperm During development the sugars present in the liquid endosperm changed from predominantly hexose to predominantly sucrose (Figure 1 ). This change had been predicted, because invertase activity falls during development [l] . T h e change is gradual, as is the onset of oil synthesis, so time courses alone cannot indicate whether the change in sugars determines, or is determined by, the change in storage-product accumulation. Figure 1 Biochemical
shows percentages of total hexose present in order to avoid the inaccuracies in measuring tiny volumes of endosperm in a glasshouse environment where evaporation occurs. We estimate that actual concentrations vary between 230 and 360 mM hexose units. Figure 2 shows the rate of appearance of I4C label supplied externally to embryos in total lipid. This experiment was carried out using embryos at the 3-mg stage of Figure 1 , where oil synthesis is expected to be maximal. We estimate that a rate of 75 nmol . h-' embryo-' is necessary in vivo.
Conversion of endosperm sugar to oil
Thus 32 mM glucose (more than is present in vivo) accounts for less than 20% of the carbon supply. In a separate experiment the rate of oil synthesis from internal Glc-6-P following supply of 20mM ['4C]glucose was found to be 59.5+ 1.3 nmol-h-'*embryo-' (mean+S.E.M., n = 3). The embryos were therefore producing lipid at a near in vivo rate, mostly using some other (internal) carbon source. The rate of synthesis of oil from sucrose was especially low and saturable, even though sucrose is thought to be the in vivo ubstrate at this stage in development. We ascribe this to the effect of the very large internal pool of sucrose in the embryo. In a separate pulse-chase experiment the neutral water-soluble fraction (mostly sucrose) from ten embryos contained 29 yo of the label supplied as sucrose after 90 min.
T h e specific activity of the internal Glc-6-P was then only 14 yo of that of the hexose in the sucrose supplied, indicating that it was being diluted by unlabelled Glc-6-P. After a further 90-min chase in unlabelled sucrose the specific activity of Glc-6-P had dropped by only half, and further label appeared in oil (33 : / o as much as appeared in the first 90 min). This indicates that the sucrose pool has a large damping effect on changes in carbon supply, and is a factor to be reckoned with in attempts such as this to determine which sugars are in vivo substrates for storage product synthesis.
